Abstract : Purpose : Over the past 20 years we have developed techniques and clinical experience of radio frequency (RF) interstitial hyperthermia. This technique is particularly applicable in the treatment of unresectable tumors and in the management of elderly patients with malignant brain tumors.
Introduction
Hyperthermia has been reported as an effective experimental treatment modality for cancer therapy 1)2). Clinical application has also been trialed in some organs2)3). However, because heating methods at tumor sites are so varied, it is difficult to say that an optimal heating method has been establishedo.
Similarly in brain tumors, various heating methods have been used to date5-11).
We have used radio frequency (RF) interstitial hyperthermia since 1990 at our institution12-14), and RF capacitive heating methods in the 1980s15). Interstitial hyperthermia employs needle type electrodes , it is a method for heating the tumor centrifugally, and it is necessary to hold the needle electrode at the center of a tumor for hyperthermic treatment.
Fortunately, using a biopsy technique for brain tumors, it is not difficult to hold electrodes at tumor centers in a predetermined manner by using a stereotactic apparatus16). At the same time, the biopsy can be accompanied by hyperthermic treatment as an added value.
We discuss the technology and complications associated with the implantation of electrodes for RF interstitial hyperthermia in this report.
Material and methods

Hyperthermia
A needle-shaped, 130-mm-long applicator (RF antenna) with a diameter of 1 mm was used (Fig. 1 ).
The frequency of RF generator used for hyperthermia was 13.56 MHz.
Thermistor probes were positioned in catheters inserted into the tumor.
The temperature was recorded at the edge of the tumor or at the border of eloquent areas (internal capsule, motor cortex and speech center).
RF antennas and catheters for thermistor probes were inserted into the tumor using a stereotactic apparatus under local anesthesia.
RF antenna was placed in the center of tumor which diameter was less than 3cm because the heating width with one RF antenna is limited to about 3cm. One to five additional antennas were stereotactically implanted spacing at 1.5-2.0cm intervals in tumor which diameter was over 3cm depending on the volume of tumor. Recently, it is possible to calculate adequate tumor coverage for the decision of the number of antenna by preoperative computer simulation. The operation time was ordinarily 40 min. Figure   2 -a illustrates typical RF antenna positioning, and parallel and radial catheters for thermistor probes. Intraoperative procedure is shown in Fig. 3 . CT scans were made to assess the position of antennas and catheters for thermistor probes after operation. Hyperthermic treatment was performed in 3 to 9 sessions with and without radiation. The 
had liquorrhea, and another 2 patients had misimplanted electrodes. Incompletion rate was 4.2%. Figure 4 shows a representative case. 
Complications
Intratumoral hemorrhage was observed in five patients. Three of these patients had massive hematoma and hyperthermic potentiation was discontinued ; the remaining 2 cases had only a small amount of hemorrhage and treatment was continued. Liquorrhea (one case), infection (two cases), and dislocation of RF antennas (two cases) were also noted. Figure 5 shows a representative case with complication. Figure 5 -a is a preoperative CT scan and shows a right thalamic glioma with hydrocephalus. Postoperative CT revealed intratumoral hemorrhage ( Fig. 5-b) . The patient underwent a craniotomy and evacuation of the hematoma. Then, the patient underwent radiotherapy alone without hyperthermia. The hyperthermic treatments were rather well tolerated. 
Discussion
Various hyperthermic treatments have been clinically applied to brain tumors5-13). Methods such as microwave treatment8-9)' RF12) and ferromagnetic implants10) have been used, but there is no currently established method. In brain tumors, indication for hyperthermia is malignant glioma12). This is because surgical removal of deep-seated malignant gliomas is contraindicated, and surgery tends to be used only for biopsy16). Using a stereotaxic instrument, biopsy is performed using a burr-hole method under local anesthesia, and a specimen is obtained from the tumor center16). RF antenna implantation is performed after having obtained tissue in a 3-mm probe from a 3.8-mm burr hole made using an electric burr.
It is a characteristic of brain hyperthermic treatment that electrode implantation can be performed in a predetermined precise manner using a stereotaxic instrument. In hyperthermic treatment of the brain, two functional points are required to avoid edema : not heating an area beyond 43°C and RF electrode positioning.
Malignant gliomas have a central necrosis, and active tumorous tissue forms their circumference.
The tumor shows an area of contrast enhancement on CT or MRI that lies scattered out in the circumference. The reasons that interstitial hyperthermic treatment is chosen for malignant glioma are as follows. Firstly, hyperthermic potentiation is suitable to heat the tumor center because there is little blood flow there. Secondly, the effect of radiotherapy and chemotherapy on the tumor center is inferior.
It is thought in particular that interstitial hyperthermia in which temperature distribution acts centrifugally on the tumor is reasonable for the treatment of malignant glioma.
Specific technology is not needed for RF antenna implantation ; routine brain stereotactic biopsy techniques are used. We make a small perforation in the skull using an electric burr and insert the RF antenna into the tumor using a specific probe. It is easy to position a catheter for a thermistor probe perpendicular to an electrode inserted in the tumor center with a stereotaxic instrument, and intratumoral temperature distribution can then be known during the nearby heating in real time.
There is a tendency to use a template for the electrode implantation at other sites where hyperthermia has been used5), but a template is unnecessary where a stereotaxic instrument is available. In addition, a stereotaxic instrument 
